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RESEARCH ARTICLE 
 
Abstract 
Population management is difficult and complex due to its dynamic and complexity. When we talk about 
demography, we talk about human population in a defined geographic area, meaning, demography is a spatial 
science. Geographic Information System (GIS) is a modern tool used in many fields, to manage attribute data and 
spatial data, including population management. The aim of this study is to present the size of population for each 
county and urban/rural area on two different years: 2012 and 2020, and the estimation of population growth 
until the year of 2050. Used for processing spatial data, ArcGIS package from ESRI, allows spatial and 
geostatistical analysis, mathematical calculations and the visualizations of data. Modern cartography is using GIS 
technologies to create maps in an easier and flexible way. GIS can use the existing analog maps after digitizing 
them. Using GIS, specialists can create maps at any scale, centered on any location and showing any selected 
information. ArcGIS tools permit to visualize, query and overlay the data bases related to the maps. Using ArcGIS 
applications, we determined the counties which present an increasing of population, and those presenting a 
decreasing of population, as well as the evolution of population in urban and rural area. In order to determine 
which counties are affected more by the population decline, we calculated the growth rate using the three major 
demographic variables: Birth, Death and Migration. In conclusion, we can say that the population in Romania has 
decreased in the past 8 years and is going to decrease even more in the next 30 years. This happened due to the 
low birth rate and high emigration rate.  
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INTRODUCTION 
Population management is difficult and complex due to its dynamic and 
complexity. When we talk about demography, we talk about human population in 
a defined geographic area, meaning, demography is a spatial science. Geographic 
Information System (GIS) is a modern tool used in many fields, to manage 
attribute data and spatial data, including population management. The aim of this 
study is to present the size of population for each county and urban/rural area on 
two different years: 2012 and 2020, and the estimation of population growth until 
the year of 2050. Demography is a spatial science since it is about human 
population in a defined geographic area. (Weeks, 2004).  Dynamic population and 
complexity of the population problems make population management complex 
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and difficult. When we refer to population, we can approach different aspects such as: births, deaths, growth rate, 
immigrants, emigrants and many others.    
 
MATERIALS AND METHODS 
The Environmental Systems Research Institute (ESRI) has created the ArcGIS package. Used for processing 
spatial data, ArcGIS allows spatial and geostatistical analysis, mathematical calculations and the visualizations of 
data. Modern cartography is using the computer and GIS technologies to create maps in an easier and flexible way. 
GIS can use the existing analogical maps after digitizing them. Using GIS someone can create maps at any scale, 
centered on any location and showing selected information. Even more, ArcGIS offers the possibility to use not only 
the 2D maps but also the more intuitively 3D maps (Mijic, 2018).  ArcGIS tools permit to visualize, query and overlay 
the data bases related to the maps (Ogochukwu, 2013).  
In the last decades the necessity of new and modern tools for population analysis was increasing. Geographical 
Information System (GIS) is a modern tool used in many fields to manage attribute data and spatial data, including 
population management (Chengming, 2002). GIS, a computer-based tool, allows people to realize the link between 
databases and maps and to create suggestive and dynamic displays (Ogochukwu, 2013). The main database about 
population in Romania is from National Institute of Statistics. ( statistici.insse.ro:8077/tempo-online/#/pages/ 
tables/insse-table) 
Using different related software application, it is easy to summarize or average scattered data for certain regions 
or feature categories, then create outputs such as new visualizations or alphanumeric reports. Related stylization 
techniques include customized symbolic elements (depicting totals, using symbol size and count), pie charts 
(illustrating relative magnitudes or frequencies of attribute values), bar graphs (representing raw values 
distributed by attribute series) and many more. (Mijic, 2018).  
 
RESULTS AND DISCUSSIONS    
Using ArcGIS applications, we determined the which counties present an increasing of population, and which  
counties present a decreasing of population, as well as the evolution of population in urban and rural area. The 
maps in Figure 1a and b present a classification of counties by number of populations in 2012 and 2020.  
 
Figure 1. Classification of counties by number of population 
During this period population has decreased in the Hunedoara County (from 2%-3% class to 1%-2% class) and 
Arges county (from 3%-4% class to 2%-3% class), has increased in Sibiu, Botosani, Ilfov counties (from 1%-2% 
class to 2%-3% class) and Iasi County (from 3%-4% class to 4%-5% class) and didn't change in the rest of the 
counties. 
Figure 2 presents a horizontal bar representation of population evolution in each county at five different 
moments: 2012, 2014, 2016, 2018, 2020. It can be observed that the counties Ilfov, Brasov, Timis, Sibiu and Cluj 
have increased population and the others have a decrease population. 
Figure 3a presents the counties in which the urban population decreased or increased during 8 years, from 2012 
to 2020. Counties colored in red present a decrease of urban population while the green ones present an increase 
  
(a)  
2012 
(b)  
2020 
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of urban population. We can observe that in the counties Cluj, Bistrita-Nasaud, Ilfov, Iasi and Vaslui (highlighted in 
red) the population in urban areas in 2020 is lower than in 2012 and the rest of the counties have an increase of 
population in urban areas. 
 
Figure 2.  Evolution of population in each county  
 
 
 
 
(a)  
urban 
(b)  
rural 
 
Figure 3. The evolution of population during 2012-2020  
 
In Figure 3b, the counties emphasis with red present a decrease of rural population while the green ones present 
an increase of rural population from 2012 to 2020. We can observe that in the counties Cluj, Timis, Hunedoara, 
Sibiu, Brasov, Valcea, Ilfov, Iasi and Constanta (highlighted in red) the population in urban areas in 2020 is lower 
than in 2012 and the rest of the counties have an increase of population in urban areas. 
Another purpose on this study was to identify the population growth in every county according to the formula: 
growth = birth– death + immigration – emigration 
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Prior to calculate the population growth it is necessary to study the relation between birth and death and 
between emigration and immigration in 2012 and 2020.  
In 2012 the counties where the number of births was higher than the number of deaths is Suceava, Ilfov, Brasov 
and Iasi counties (green color) while in all other counties the number of births was lower than deaths (red color).  
 
  
(a)  
2012 
(b)  
2020 
Figure 4. The difference between the number of births and the number of deaths 
 
After eight years, in 2020, in all counties the number of births was lower than the number of deaths. 
Further on, we study the relation between emigration and immigration in 2012 and 2020.  
  
(a) (b) 
Figure 5. The difference between the number of immigrants and the number of emigrants 
(a) 2012 (b) 2020 
 
In 2012, the counties where the number of immigrants was higher than the number of emigrants is Iasi, Ilfov, 
Galati, Bacau, Vaslui, Botosani (green color) while in all the other counties the difference between immingrants and 
emigrants was positive (red color). The biggest number of emigrants was in Bucharest and the lowest number is in 
Iasi County. (Figure 5a and b)  
In 2020 counties with emigration lower than immigration are Ilfov, Bucuresti, Galati, Vaslui, Neamt, Iasi, Suceava 
and Botosani. The rest of the counties have a higher emigration than imigration. 
In 2012, most Romanians emigrated to Spain, Italy and Germany. In 2020, the same countries remain on the first 
three places with the observation that the number of Romanians settled in Germany has doubled, Germany passing 
on the 2nd place. (Figure 6a) 
Regarding immigrants, most foreigners settled in Romania come from the Republic of Moldova, Ukraine and 
Italy. Their number has increased in the last eight years. (Figure 6b) 
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(a) Emigrants (2012, 2020) (b) Immigrants (2012, 2020) 
Figure 6. Migration 
 As it can be seen in Figure 7a, in 2012, the counties with negative growth are Suceava, Iasi, Vaslui, Brasov and 
Ilfov, where birth + immigration < death + emigration. (Tarik B., Fuling B. and all) Pink counties have the highest 
growth. 
  
(a) 2012 (b) 2020 
Figure 7. The population growth 
From Figure 7b it can be noticed that in 2020, Iasi and Vaslui counties continue to have a negative growth while 
in all the other counties the growth is positive. The growth is increasing in Timis, Caras Severin, Maramures, Ilfov 
counties and decreasing in Arad, Buzau, Braila, Galati, Tulcea, Cluj, Sibiu counties while still being positive. 
Population of Romania was 20 095 996 in 2012 and decreased to 19 328 838 in 2020.   
Starting with the population statistical data offered by National Institute of Statistics from 2003-2020 it was 
determined using an estimation method population size between 2021-2050. 
https://pages.uoregon.edu/rgp/PPPM613/class8a.html. 
As it can be noticed, in Romania population was at maximum in 1990 (23211395) and will reach a minimum in 
2050 (16689568.24). 
 
Figure 8. The evolution of population from 2012 to 2050  
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In order to identify which are the “problem” counties, the growth rate for each county was determined for the 
years 2013, 2015, 2020, 2025, 2030 and 2050. Green color represents positive growth rate and red color negative 
growth rate (Figure 9). 
 
   
(a) 2013 (b) 2015 (c) 2020 
   
(d) 2025 (e) 2030 (f) 2050 
Figure 9. Growth rate  
In 2013 eight counties and Bucharest presented positive growth rate: Brasov, Cluj, Constanta, Giurgiu, Iasi, Ilfov, 
Sibiu and Timis. Three of these counties, Cluj, Ilfov and Timis maintain a positive growth rate throughout the 
analyzed period while two of them (Brasov and Sibiu) register, for a short period of time, a negative growth rate. 
After only one year, Constanta and Giurgiu registered a negative growth rate. Starting with 2020, Iasi also shows a 
negative growth rate.  
Bucharest registered a negative growth rate in 2013 but starting with 2018 registers a positive growth rate. We 
observe a particular situation in the case of Vaslui county which has a negative growth rate throughout the period 
except in 2015 when this rate was positive (Figure 10). 
 
 
Figure 10. The counties which have variations of the growth rate from 2013 to 2035 
 
Another aim of this study was to calculate the population density for each county and for the whole country 
which is calculated by reporting the number of inhabitants per 𝑘𝑚2. 
Next, we determined, that, for the same years, 2012 and 2020, the average population density for the entire 
country was 93.76 in 2012 and 92.75 in 2020. In 2012 a number of 12 counties and Bucharest (red color) have a 
higher population density than Romania’s average. Among the counties with the lowest population density are 
Tulcea, Caras-Severin and Harghita and the counties with the highest population density are Prahova, Ilfov and 
Bucharest. In 2020 we still have 12 counties and Bucharest with above average population density, with the 
difference that instead of Gorj county we have Vaslui county. (Figure 11) Among the counties with the lowest density 
are Ramnicu Valcea, Braila and Buzau and the counties with the highest densities are Iasi, Ilfov and Bucharest. 
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(a) 2012 (b) 2020 
Figure 11. Population density by counties in relation to the average 
In order to determine if there is a correlation between population density and income, the average net nominal 
salary in Romania was determined (2012: 1319.64 RON and 2020: 2857.31 RON), respectively the net nominal 
salary in each county. We can observe from Figure 12(a) that in 2012 we have 14 counties and Bucharest that have 
higher net nominal salary (color red) than the average. Among the counties with the lowest net nominal salary are 
Harghita, Covasna and Bihor and the counties with the highest net nominal salary are Gorj, Ilfov and Bucharest. In 
2020 (Figure 12(b)), we still have 14 counties and Bucharest salaries above average with a few differences: instead 
of Arad, Galati and Dambovita counties we have Mures, Olt and Giurgiu counties. Among the counties with the lowest 
net nominal salary are Harghita, Bistrita-Nasaud and Teleorman and the counties with the highest net nominal 
salary are Timis, Cluj and Bucharest. 
 
  
(a) 2012 (b) 2020 
Figure 12. The net nominal salary by counties in relation to the average  
Further, we generated a scatter plot of the population density by counties according to the net nominal salary. 
It can be observed that there is no correlation between the net nominal salary and the population density neither 
in 2012(Figure 13) nor in 2020 (Figure 14). The relation between them is modeled by a polynomial function of six 
degrees. 
 
Figure 13. A scatter plot of the population density by counties according to the net nominal salary in 2012 
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Figure 14. A scatter plot of the population density by counties according to the net nominal salary in 2020 
 
CONCLUSIONS 
In conclusion, we can say that the population in Romania has decreased in the past 8 years and is going to 
decrease even more in the next 30 years. This happened due to the low birth rate and high emigration rate. The 
counties that have the greatest impact on population density and on financial field in 2012 are Cluj, Brasov, Gorj, 
Arges, Prahova, Dambovita, Ilfov, Bucharest, Constanta, Galati and Iasi, and at a difference of 8 years (2020) they 
remain the same except for Gorj, Dambovita and Galati. 
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